INTRODUCTION
The electrical components used in the power conversion, power conditioning, and instrument and control subsystems of space nuclear power systems must meet high performance and reliability requirements while being subjected to high levels of neutrons and gamma rays, and possibly high temperatures. Both phase-control and inverter-type SCRs were tested.
The phase-control SCR was a C38E and rated by the planeforwardof pair B and were subjected to a flux approximately 60% greater than those in pair B. One device of pair B was at 300 K and the other at 365 K. The C38E pair A devices were irradiated to a fluence of 2.6 x 1013 n/cm 2 after which both devices failed, and the pair B devices were irradiated to 3.1 x 1013 n/cm 2 without failure. The 20RIF40W20 pair A devices were irradiated to 3.2 x 1013 n/cm 2 and pair B to 1.9 x 1013 n/cm 2. None of the 20RIF40W20 devices failed during irradiation.
Two gamma irradiation tests were conducted at 300 K only.
In the first test, two C38Es and two 20RIF40W20s
were gamma irradiated at a dose rate of 67.3 krads/hrs for a total dose of 0.52 Mrads.
In the second test run new C38Es and 20RIF40W20s were again gamma irradiated at a dose rate of 67.3 krads/hr but for almost 10-times longer to
give a total dose of 5.1 Mrad.
TEST RESULTS AND DISCUSSION
The combined effects of epicadmium neutrons and temperature on V F at a conduction current of 25 A are shown in Figure 3 for the phase-control SCRs, and in Figure   4 for K are given in Figures 9 and 10 , respectively. The postirradiation fluence was about 3 x 1013 n/cm 2. The pre-and post-irradiation leakage curves at 300 K for the inverter-type SCR irradiated at 365 K is included in Figure 10 , but only the post-irradiation leakage curve at 300 K for the phasecontrol SCR irradiated at 365 K is included in Figure 10 because no pre-irradiation data was taken at 300 K. However, based on the results given in Figure 7 , the 300 K preirradiation curve would lie below the post-irradiation curve.
Thus, for both types of SCRs, both the 365 and 300 K postirradiation leakage curves lie above their respective preirradiation curves.
The leakage current is expected to be higher at 365 K then at 300 K because the number of intrinsic carriers increases exponentially with temperature and an increase in intrinsic carrier density causes an increase in leakage current.
For both types of SCRs, the increase in the post-irradiation reverse leakage currents from their pre-irradiation values is almost always greater at 365 K than at 300 K. Based on minority carrier lifetime arguments, it would be anticipated that the increase in post-irradiation leakage currents would be approximately the same for both temperatures. One possible reason for this difference might be the existence of leakage current paths external to the bulk semiconductor at 365K but not at 300 K. Additional experiments would need to be conducted to determine the cause of this observed difference. However, the results in Figures 9 and 10 would strongly indicate that irradiating the SCRs at 365 K did not cause any thermal annealing of the radiation induced defects at that temperature. Thus, irradiating the SCRs at 365 K appears to produce no beneficial effects, and in fact, appears to produce just the opposite effect.
Two devices for each type of SCR were gamma irradiated for gamma doses up to 5.1 Mrads at 300 K only.
For both types of SCRs, the increase in V F at 0.5 Mrads was negligible, and at 5.1 Mrads, V F increased less than a tenth of a volt over its pre-irradiation value. The effect of gamma rays on the off-state forward and reverse I-V characteristics are plotted for one of the phase-control SCRs in Figure 11 and for one of the inverter-type SCRs in Figure 12 . In each figure the I-V characteristics are plotted for 0, 1, 3, and 5
Mrads. A comparison of the set of curves in these figures
shows that the breakover voltage points on the I-V curves for the phase-control SCR are much better defined than for the inverter type SCR. For both types of SCRs though, it is seen that both the forward and reverse voltage capability gradually decreases as the gamma dose increases. That is, the leakage current gradually increases with dose. Again,
this increase in leakage current is attributed to a decrease in the minority carrier lifetime.
tq was measured for all the SCRs prior to irradiation. For the neutron irradiated SCRs, it was only possible to measure the post-irradiation tq of one phase-control and one inverter-type SCR. The other SCRs had failed either during or immediately after irradiation, or would not operate in the on-state after being turned-on.
The survivin_ phase-control SCR, which had been irradiated to 3.1 x 10 '°n/cm 2 at 365 K, had pre-and post-irradiation tq of 26.9 and 0.70 /as, respectively, to give almost a 40-fold drop in tq. The surviving inverter-type SCR, that had been irradiated to 1.9
x 1013 n/cm 2 at 365 K, had a pre-and post-irradiation t_ of 5.46 and 0.65 /as, respectively, to give almost a 9-_old decrease in t The decrease in t was caused by a decrease q" q in minority carrier lifetime and these large reductions in the lifetime give a clear indication of the level of radiation damage inflicted on the semiconductor material's crystal lattice.
Although not as pronounced as the effects of neutrons on t_, gamma ray dose levels at 5. 
